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Authors evaluated pulmonary tuberculosis (PTB) history as a risk factor for lung cancer in 
current male smokers in a prospective, population-based cohort study. The subjects were 
the 7,009 males among the participants in the Seoul Male Cancer Cohort Study for whom 
there was full information on PTB history and smoking habits. With a 1 6-yr follow-up, 93 
cases of lung cancer occurred over the 99,965 person-years of the study. The estimated 
relative risk (RR) of PTB history of current smokers in lung cancer after adjusting for three 
confounders - intake of coffee and tomatoes, and age at entry - was 1 .85 (95% CI: 1 .08- 
3.19). The observed joint RRs and attributable risks (ARs) across strata of three confounders 
were greater than the expected, indicating a positive interaction. Thus a history of PTB in 
current smokers may be another risk factor for lung cancer. Based on a synergic interaction, 
a heavy male smoker with a PTB history would be expected to belong to the group at high 
risk of lung cancer. 

Key Words: Lung Neoplasms; Cancer Incidence; Tuberculosis, Pulmonary; Smoking; 
Effect Modifier; Cohort Studies 
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INTRODUCTION 

Lung cancer was the most commonly diagnosed cancer as well 
as the leading cause of cancer death in males in 2008 globally 
(1). While globally, more than a million cancer deaths annually 
are due to tobacco use (2), lung cancer is the most preventable 
of all of the major forms of cancers because about 90% of deaths 
from lung cancer are a result of active cigarette smoking (3). 

Recently, Liang et al. (4) reported a significant relationship 
between a history of pulmonary tuberculosis (PTB) and risk of 
lung cancer through a systematic review of 31 articles. However, 
they pointed out that the expected relative risk of lung cancer in 
PTB patients may be found in the absence of any PTB effect, 
unless there is proper adjustment for smoking history. So, they 
suggested a prospective cohort study among non-smokers with 
a large group of lung cancer cases to minimize the impact of 
cigarette smoking. However, the increased lung cancer risk ob- 
served among never smokers with PTB may be due to confoun- 
ding by life-time exposure to environmental tobacco smoke (5). 
To control for the confounding effects of smoking habits, this 



study aimed to evaluate the relationship between previously 
medical history of PTB and lung cancer risk in current male 
smokers through a population-based, prospective cohort de- 
sign. 

MATERIALS AND METHODS 
Study cohort 

The study cohort was from the Seoul Male Cancer Cohort (SM- 
CC), which has been partially reported elsewhere (6-9). The co- 
hort was established in 1992 and 1993 and was designed to in- 
vestigate the relationship between exposure to lifestyle factors 
and diet and the risk of major cancers in Korean males. The age 
distribution of this cohort was similar to that of the Korean po- 
pulation. The 7,009 current smokers from the cohort were se- 
lected as the final study participants. 

A 15-page confidential questionnaire included questions on 
demographic characteristics, height and weight, personal and 
family history of cancer and other diseases including PTB, use 
of medicines and vitamins, brief physical activity assessments, 
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alcohol and tobacco use, and a food-frequency diet question- 
naire addressing usual eating habits over the previous year. The 
reproducibility and validity of the questionnaire was evaluated 
in some participants (10). 

Follow-up was done over the 16 yr from January 1, 1993, to 
December 31, 2008. Incident cases of all cancers, including lung 
cancer, occurring during the 16-yr follow-up period were iden- 
tified through the database of the Seoul Regional Cancer Regis- 
try (SRCR) as a population-based cancer registry (11), the Ko- 
rea Central Cancer Registry (KCCR) as a nationwide, hospital- 
based, cancer registry (12), and death certificates at Statistics 
Korea (13). 

Categorization of variables 

A past medical history of PTB, smoking habits, and potential 
confounders were obtained using a self-administered question- 
naire survey, which was administered in 1992. Subjects were 
asked to report a medical history of PTB (yes, no). Subjects were 
classified by duration of smoking (-30, or 31+ yr), daily amount 
of smoking (-20, or 21+ cigarettes/day), and total cigarette index 
(TCI), obtained from smoking duration times daily amounts of 
smoking (-20, or 21+ pack-years). 

A potential confounder among the variables of the baseline 
survey was defined as a variable showing statistical significance, 



based on a crude relative risk (cRR) or P value of chi-square test 
for trends in lung cancer. By this definition, the following three 
potential confounders were chosen: intake of coffee and toma- 
toes, and age at entry (Table 1). 

Age at entry was categorized into 5-yr groups of 40-44, 45-49, 
50-54, and 55-59 yr. Frequency of coffee intake was measured 
using three categories: 0, 1-6, or 7+ cups per week. Information 
on consumption of tomatoes was collected by semi-quantita- 
tive, food frequency methods. After converting to gram equiva- 
lents, the covariates with unknown cut-off values were catego- 
rized according to quartiles. 

Statistical methods 

Total person-years were calculated by determining the number 
of days from the start of follow-up, January 1, 1993, until the date 
of all cancer diagnoses, death from other causes, or the end of 
follow-up, December 31, 2008, after which the number of days 
was converted to years. The adjusted relative risk (aRR) of PTB 
history in current smokers was calculated using Cox propor- 
tional hazards regression, adjusting for potential confounders. 
Confidence intervals were obtained by the Wald method and 
all reported P values are two-sided. The chi-square test for trends 
was used to evaluate linear trends. 

To assess any interaction of smoking habit and PTB history 



Table 1 . Crude relative risks (cRR) and 95% confidence intervals (CI) in occurring lung cancer according to potential confounders in smokers of the Seoul Male Cancer Cohort 
Study* 



Variables 


Incidents (n = 93) 


Person-years (99,965) 


cRR 


95% CI 


Pvalue (x 2 trend) 


Age at entry 










< 0.001 


40-44 


13 


37,613 


1.0 






45-49 


21 


29,993 


2.03 


0.97-4.40 




50-54 


36 


22,523 


4.62 


2.40-9.50 




55- 


23 


9,836 


6.77 


3.29-14.54 




Drinking history 










0.54 


Never 


16 


19,552 


1.0 






Past 


6 


5,672 


1.29 


0.41-3.48 




Current 


71 


72,038 


1.20 


0.69-2.22 




Coffee intakes (times/week) 










0.004 


0 


9 


15,961 


1.0 






1-6 


12 


16,782 


1.27 


0.49-3.41 




7+ 


71 


66,587 


1.89 


0.94-4.30 




Raw fish 










0.19 


Q1 


34 


34,223 


1.0 






Q2 


13 


10,769 


1.22 


0.59-2.36 




Q3 


25 


24,498 


1.03 


0.59-1.77 




Q4 


16 


25,685 


0.63 


0.32-1.17 




Tomato 










0.008 


Q1 


38 


27,935 


1.0 






Q2 


16 


17,109 


0.69 


0.36-1.26 




Q3 


14 


19,404 


0.53 


0.26-1.00 




Q4 


22 


31,266 


0.52 


0.29-0.90 




Retinol 










0.24 


Q1 


31 


25,227 


1.0 






Q2 


18 


25,761 


0.57 


0.30-1.05 




Q3 


26 


25,555 


0.83 


0.47-1.44 




Q4 


18 


23,422 


0.63 


0.33-1.15 





'Excluding missing data. 
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in the occurrence of lung cancer, two strategies - stratification 
and a modifier interaction model - were used (14). Stratifica- 
tion by the duration of smoking, amount of daily smoking, and 
TCI was conducted to check homogeneity of effects in the stra- 
ta. After confirming homogeneity, comparisons between ob- 
served and expected joint effects of PTB history and smoking 
by multiplicative and addictive interaction models were done. 
The expected RRs and ARs obtained by multiplicative model 
and by addictive model respectively were calculated on the ba- 
sis of their independent effects (15). Analyses were conducted 
using the STATA software (version 12) (16). 

Ethics statement 

The study protocol was approved by the institutional review 
board of the Seoul National University College of Medicine (IRB 
No. C- 1193- 146-357). Informed consent was waived by the board. 

RESULTS 

During the total 99,965 person-years of follow-up, 93 newly di- 
agnosed cases of lung cancer were identified in the 7,009 study 
participants. Table 1 shows the univariate analyses of potential 
confounders. Based on crude RR and P-values of chi-square 
trends, age at entry, and intake of coffee and tomatoes were se- 
lected to control for confounding effects. 

While the prevalence of past medical history of PTB was 9.3% 
( = 658/7,009), 93 cases of lung cancer occurred during 16 yr of 
follow-up in Table 2. The cRR of PTB history in occurring lung 
cancer was 2.01, and this was statistically significant. Due to the 
potential influence of smoking on the incidence of lung cancer, 
smoking habit would represent a very strong confounder in an 
association between PTB history and lung cancer. To control 
for it, stratified analyses were conducted using three variables: 
duration of smoking, amount of daily smoking, and TCI. While 
there was heterogeneity within each stratum by all three vari- 
ables, cRRs in the strata of duration of smoking over 31 yr, of 
daily smoking amounts over 21 cigarettes, and of TCI over 21 



pack-years showed positive associations with statistical signifi- 
cance. 

The estimated aRR of PTB history in current smokers was 
1.85, with statistical significance, after adjusting for age at entry, 
and intake of tomatoes and coffee in Table 3. The aRRs of each 
stratum revealed the same results, showing heterogeneity be- 
tween strata and statistical significance in Table 2. 

Because stratification assumes homogeneity within each 
stratum (14), we evaluated an effect measure modification in- 
stead of adjustment. Table 4 summarizes the expected and ob- 
served joint effects of PTB history by multiplicative and addic- 
tive interaction models. In all three smoking habit-related vari- 
ables, the observed joint RRs and ARs were greater than the ex- 
pected, indicating a positive interaction. 

DISCUSSION 

Based on these results, PTB history may be a risk factor for lung 
cancer in current smokers. Additionally, the risk would be in- 
tensified by heavier smoking - longer duration of smoking, larg- 
er amount of daily smoking, and higher TCI index. These find- 
ings indicate the same synergistic interaction and attribution as 
those in the association between asbestos and lung cancer (17). 



Table 3. Adjusted relative risks (aRR) and 95% confidence intervals (CI) of past medi- 
cal history of pulmonary tuberculosis in occurring lung cancer in smokers of the Seoul 
Male Cancer Cohort Study 



Stratifying variables 


aRR* 


95% CI 


Smoking habits 






Current 


1.85 


1.08-3.19 


Duration of smoking (yr) 






-30 


1.43 


0.50-4.09 


31 + 


2.00 


1.06-3.79 


Amounts of daily smoking (cigarettes/day) 






-20 


1.48 


0.50-4.36 


21 + 


2.05 


1.09-3.83 


Total Cigarette Index (pack-years) 






-20 


0.90 


0.21-3.89 


21 + 


2.27 


1 .26-4.08 



'Adjusted for age at entry, and intake of tomatoes and coffee. 



Table 2. Crude relative risks (cRR) and 95% confidence intervals (CI) of a past medical history of pulmonary tuberculosis (TBHX) in occurring lung cancer by smoking habit-re- 
lated variables in smokers of the Seoul Male Cancer Cohort Study 



Stratifying variables 


TBHX (+)* (n = 658) 


TBHX (-)* (n = 6,351) 


cRR 


95% CI 


Smoking habits 










Current 


16/9,382 


77/90,583 


2.01 


1.09-3.47 


Duration of smoking (yr) 










-30 


4/5,582 


32/60,557 


1.36 


0.35-3.82 


31 + 


12/3,800 


45/30,026 


2.11 


1.01-4.05 


Amounts of daily smoking (cigarettes/day) 










-20 


4/4,244 


21/40,411 


1.81 


0.45-5.38 


21- 


12/5,138 


56/50,172 


2.09 


1.02-3.95 


Total Cigarette Index (pack-years) 










-20 


2/3,938 


20/39,314 


0.99 


0.11-4.11 


21 + 


14/5,444 


57/51,269 


2.31 


1.19-4.20 



'Number of lung cancer incidents/observed person-year. 
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Table 4. Relative risks (RR) by multiplicative model and attributable risks (AR) by addictive model with the expected (E) and observed (0) joint effects of past medical history of 
pulmonary tuberculosis in occurring lung cancer in smokers of the Seoul Male Cancer Cohort Study* 







Observed 




Multiplicative RR 


Addictive AR f 




Incidents 


Person-year 


O 


E 


0 


E 


NHX & DUR1 


32 


60,557 




1.00 




0.00 


YHX & DUR1 


4 


5,582 


1.35 




18.82 




NHX & DUR2 


45 


30,026 


2.84 




97.03 




YHX & DUR2 


12 


3,800 


5.98 


3.84 


262.95 


115.85 


NHX&AMT1 


21 


40,411 




1.00 




0.00 


YHX&AMT1 


4 


4,244 


1.81 




42.28 




NHX&AMT2 


56 


50,172 


2.15 




59.65 




YHX&AMT2 


12 


5,138 


4.49 


3.89 


181.58 


101.93 


NHX&TCI1 


20 


39,314 




1.00 




0.00 


YHX&TCI1 


2 


3,938 


0.99 




-0.08 




NHX&TCI2 


57 


51 ,269 


2.19 




60.31 




YHX&TCI2 


14 


5,444 


5.06 


2.18 


206.29 


60.23 



*0, observed; E, expected; NHX, no past medical history of pulmonary tuberculosis; YHX, past medical history of pulmonary tuberculosis; DUR1, duration of smoking < 30 yr; 
DUR2, duration of smoking > 31 yr; AMT1 , amount of daily smoking < 20 cigarettes/day; AMT2, amount of daily smoking > 21 cigarettes/day; TCI1 , total cigarette index < 20 
pack-years; TCI2, total cigarette index > 21 pack-years; f Per 100,000 person-years. 



While cigarette smoking is well-established as the main cause 
of lung cancer and about 90% of cases are thought to be tobac- 
co-related (6), only 1%-15% of smokers are eventually diagnos- 
ed with lung cancer (18). This indicates that other etiological 
factors - in conjunction with smoking - cause lung cancer, be- 
yond the purely stochastic nature of the disease process (19). 
That is, cigarette smoking cannot be the only causative factor in 
lung cancer, emphasizing the importance of searches for addi- 
tional etiological and risk factors. These factors include genet- 
ics, environmental or occupational exposures, such as to arse- 
nic or radiation, dietary habits, and pulmonary diseases, in- 
cluding tuberculosis (4, 20). 

According to a WHO report, an estimated 1.4 million people 
died from tuberculosis in 2011 (21). As this study showed a 1.85- 
fold increased risk of lung cancer in current smokers with a me- 
dical history of PTB, the level of RR in this study was similar to 
the summary estimates (RR = 1.97) obtained from studies of 
'non- Westernized countries' (4). A higher risk of fatality from 
lung cancer among patients with active PTB has been reported 
in one analytic epidemiologic study (22), but not in another (23). 

While the precise mechanism of the direct role of tuberculo- 
sis remains unclear, some plausible biological mechanisms 
have been suggested (24). One hypothesis is that pulmonary 
infection and inflammation may be a cancer initiator and/or a 
promoter in lung epithelial, by phagocyte-generated oxidants 
(25) or some proinflammatory cytokines (26). That is, tubercu- 
losis may represent inflammatory processes that augment the 
effects of other carcinogenic exposures, trap carcinogens in scar 
tissues, and enhance abnormal cellular growth and prolifera- 
tion (27). Additionally, inflammation-mediated events, such as 
the production of reactive oxygen species, the activation of gro- 
wth factors for wound repair, and the altering of signal trans- 
duction processes to activate cell proliferation to replace ne- 
crotic/apoptotic tissue cells, are all considered to be compo- 



nents of risk for a variety of cancers (28). 

Despite the prospective nature of this study, several sources 
of bias should be considered when interpreting the results. First, 
diagnosis of past and/or current PTB as well as smoking habits 
at cohort entry were based on self reports so that misclassifica- 
tion of exposure, including recall bias, may have occurred. How- 
ever, the possibility of this bias would be considered to be less 
than expected because PTB patients in Korea were prescribed 
long-term, anti-tuberculosis medication mandatorily by public 
health centers or local clinics so that PTB could be differentiat- 
ed readily from other lung diseases. Additionally, the results of 
this prospective cohort study could eliminate the potential for 
the differential misclassification of exposure better than a case- 
control study. That is, because the past medical history was as- 
certained prior to lung cancer occurrence, misclassification of 
prior PTB would be non-differential, and therefore bias in this 
study was most likely in a conservative direction (29). However, 
the lack of details as to the severity, extent, and location of PTB 
did restrict our inferences, and further studies including these 
items should be conducted. 

Second, a confounding effect by a factor common to both 
PTB and lung cancer may explain the observed positive associ- 
ation. In particular, smoking habit is so strongly associated with 
lung cancer and with some other lung diseases, including PTB, 
that a residual confounding effect is a concern. To overcome 
any such effect, stratification and effect measure modification 
using three smoking habit-related variables were evaluated. 

Third, the results were obtained from current smokers only. 
To understand the mechanism of PTB history in occurring lung 
cancer, follow-up studies in non-smokers with longer follow-up 
periods would be needed to increase the statistical power; these 
should control for life-time environmental tobacco smoke ex- 
posure (5). 

Fourth, another possible non-causal explanation of the ob- 
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served association is that a common genetic or environmental 
precursor may lead independently to PTB and lung cancer. 
Song et al. (30) reported higher abnormal fragile histidine triad 
(FHIT) protein expression in tumors with tuberculosis. A better 
understanding of the genetic susceptibility to both PTB and 
lung cancer, and how these factors may interact with modifi- 
able risk factors in Koreans, is needed. 

Finally, there may be lung cancer cases diagnosed as active 
PTB after starting the follow-up. Although they seem to be few 
and 16-yr follow-up as the induction period is relatively short, a 
potential bias by them should be considered. As they were cat- 
egorized as the non-exposure group in analysis, they might let 
the estimated results be underestimated. 

In summary, our data suggest that a history of PTB is associ- 
ated with an increased risk of lung cancer in current male smo- 
kers, and the risk of PTB history exhibited a synergistic interac- 
tion with daily amount, duration of smoking, and TCI, respec- 
tively. Therefore, a heavy male smoker with a past medical his- 
tory of PTB belongs to the group at high risk of lung cancer, and 
should quit smoking. Additionally, it seems prudent that indi- 
viduals with PTB should take extra-precautions to reduce expo- 
sure to known lung carcinogens, including active smoking. 
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